significantly reduces neurotransmitter release. Furthertriggered membrane fusion can be regulated so rapidly more, introduction of syntaphilin into presynaptic and tightly when the main intermediate is so stable. It superior cervical ganglion neurons in culture inhibits seems reasonable to assume that assembly of funcsynaptic transmission. These findings suggest that tional fusion machinery might be tightly controlled by syntaphilin may function as a molecular clamp that some synaptic proteins that regulate the accessibility controls free syntaxin-1 availability for the assembly of SNARE components by interacting with the individual of the SNARE complex, and thereby regulates synaptic SNARE proteins. Thus, the identification of regulators vesicle exocytosis.
or molecular switches involved in the assembly of the fusion core complexes is critical for elucidating the molecular mechanisms underlying neurotransmitter reIntroduction lease. Recent studies have made significant progress in unSynaptic vesicle docking and fusion at release sites derstanding this regulatory mechanism through isolarequires the association of proteins on both vesicle and tion of the SNARE complex-interacting proteins, includplasma membranes (reviewed by Rothman, 1994;  ing Munc18/n-Sec1/rbSec1, complexins, Doc2, tomosyn, Bajjalieh and Scheller, 1995 at nerve terminals. Transient overexpression of syntaphno obvious N-terminal residues. Gene databank searches identified a human brain-specific cDNA (KIAA0374) that ilin in cultured hippocampal neurons or introduction of syntaphilin coiled-coil domain (CC) into presynaptic suwas isolated through a cloning procedure for isolation perior cervical ganglion neurons (SCGNs) in culture sigof multiple brain-specific long cDNAs (Nagase et al., nificantly reduces neurotransmitter release. Our results 1997). The predicted amino acid sequence of clone 11 suggest that syntaphilin acts as a syntaxin clamp in isolated from our yeast two-hybrid selection is identical regulating assembly of the SNARE complexes during to clone KIAA0374 except for the lack of 141 amino acid membrane fusion events.
residues at the N terminus. The full-length cDNA, which is 5.5 kb in length, was obtained from the Kazusa DNA Research Institute (Kisarazu, Japan). Because of its speResults cific interaction with syntaxin-1A and selective localization at synapses (see below), we named this protein Molecular Identification of Syntaphilin Using syntaphilin.
the Yeast Two-Hybrid System
The cDNA of human syntaphilin had several in-frame To identify proteins important for regulating synaptic stop codons upstream of the start methionine and an vesicle exocytosis by binding to components of the ORF encoding 537 amino acids with a calculated molec-SNARE complex, we have used the C-terminal half (181-ular weight of 58 kDa ( Figure 1A Figure 1D ), in agreement with the mRNA expression data. A minor 50 double labeling for syntaphilin and the synaptic vesicle marker protein synaptophysin. The results showed that kDa band was also detected with our antibody that may represent an alternate syntaphilin gene product or a syntaphilin mostly, but not always, correlated with the synaptophysin staining ( Figures 2D-2G ), indicating that stable degradation product. Our transfection experiments in HEK 293 T cells with a cDNA of syntaphilin syntaphilin may be present at a restricted set of synapses. The staining of neurons was blocked by preincucoding sequence confirmed that only a 68 kDa band was detected (see below), which is larger than the predicted bating syntaphilin antibody with a syntaphilin fusion protein, confirming the specificity of the antibody (data not mass based on the ORF of syntaphilin (58 kDa), suggesting a posttranslational modification of syntaphilin.
shown).
To examine the subcellular distribution of syntaphilin By immunoblotting various homogenates, syntaphilin The relative amount of syntaphilin was estimated to constant concentration of SNAP-25 and increasing concentrations of syntaphilin. After extensive washing of be about 26%, 21%, and 83% of that of syntaxin-1, SNAP-25, and VAMP2, respectively, in the detergent the beads, we assayed for both syntaphilin and SNAP-25 bound to GST-syntaxin-1A by Western blot. The binding extract of rat brain homogenate by Western blotting using each antibody and purified recombinant protein signal intensity of SNAP-25 diminished progressively while that of syntaphilin increased ( Figure 6A ), indicating as standards for quantitation. Coomassie-based estimation of the relative ratios for the interaction of recomthat syntaphilin binds to syntaxin-1 in a manner competitive with SNAP-25. Next, we performed isolation of binant syntaphilin with GST-syntaxin-1A indicated an approximate 1:1 molar ratio (data not shown). Under SNARE complexes from solubilized synaptosomes using the affinity beads of GST-SNAP-25, GST-VAMP2, or these conditions, about 16% of total syntaxin-1 and 60% of total syntaphilin in the brain extract was coimmuno-GST alone as a control, in the absence or presence of 0.4 M recombinant full-length syntaphilin. Addition of precipitated by anti-syntaphilin and anti-syntaxin-1 antibodies, respectively (data not shown), suggesting that, syntaphilin prevented the affinity isolation of native syntaxin-1 on SNAP-25 affinity beads ( Figure 6B ). Conin neurons, syntaphilin is mostly associated with syntaxin-1, while syntaxin-1 is only partly associated with versely, syntaphilin was unable to prevent both native syntaxin and SNAP-25 or their heterodimers binding to syntaphilin. This may be due to the fact that syntaphilin is less abundant than syntaxin-1 (26% of syntaxin-1). In GST-VAMP2 affinity beads. These results are consistent with our coimmunoprecipitation studies with solubilized addition, we found that even more (about 85%) syntaphilin was coimmnuoprecipitated with syntaxin-1 in the synaptosomes, which showed that anti-SNAP-25 antibody failed to precipitate syntaphilin ( Figure 5C ), sugplasma membrane fraction purified from crude synaptosomes via sucrose gradient centrifugation, suggesting gesting a selective interaction of syntaphilin with the free syntaxin at nerve terminals. Hence, the free syntaxin-1 a relative enrichment of syntaphilin-syntaxin complex at nerve terminals. performed with a polyclonal anti-syntaphilin antibody following stan-T cells cultured in 100 mm dishes were transfected with 5-10 g dard procedures. of cDNA by calcium phosphate coprecipitation, according to the transfection kit protocol (Invitrogen). After 48 hr, the cells were harSynaptic Transmission between SCGNs vested with PBS and then solubilized in TBS buffer with 1% TX-SCG cells from 7 day postnatal rats were prepared as described 100. Cell lysates were centrifuged at 10,000 rpm for 10 min at 4ЊC, previously (Mochida et al., 1994) . After 4-5 weeks in culture, convenand the supernatant was used for immunoblotting and coimmunotional intracellular recordings were made from two neighboring neurons using microelectrodes filled with 1 M potassium acetate (40-70 precipitation studies.
